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(57) Abstract 

Functionalization of partic- 
ulate bonded phase chromatogra- 
phic supports prepared by silani- 
zation of silica gel or controlled 
pore glass and containing pend- 
ant primary alkyl amine groups. 
Functionalization results from 
the activation of the amines by 
reaction with N,N'-carbonyldii- 
midazole (CDI), or a related azo- 
lide, in anhydrous organic sol- 
vent, followed by derivatization 
of the support Derivatization re~ 
| suits from reaction of the activat- 
ed support with a functionalizing 
reagent consisting of a primary or 
| secondary, alkyl or aryl amine in 
organic solvent, or from an aque- 
ous solution of the amine or its 
salt A urea linkage results 
through which the functionalizing 
reagent is covalently attached t 
the supp rt Derivatizati n can 
result fr m the addition of an 

excess of a single reagent, or as a . • . 

consequence of the sequential addition f two or more functi nalizing reagents. Chromatographic supports preparation in 
this manner yield materials suitable f r affinity, covalent, ion exchange and hydrophobic interaction chromatography of 
biom lecules as well as f r the preparation of immobilized reagents. 
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Bonded Phase Chromatographic Supports 

Field of the Invention 

The present invention relates to the field of 
5 separation chromatography , and more particularly to 
bonded phase chromatographic supports of silica or 
porous glass beads having derivatized supports, and a 
method of making the same* 

10 Background of the Invention 

Early work in the field of chromatography 
utilized supports prepared from natural substances 
such as agarose, cross-linked dextran and the like. 
These materials, while adequate, lack rigidity, and 

15 therefore are not particularly useful for high 

pressure chromatography because the pressure thereon 
can deform the substances, or otherwise cause them 
to collapse, thereby slowing the acceptable flow 
rate considerably. 

20 More recently, new developments have been made 

in the field allowing the f unction alizat ion of rigid 
support materials* Among the chromatographic supports 
used in the separation of biological macromolecules 
are bonded phase silica and porous glass beads 

25 comprising on their surface pendant hydrophilic 

moeities resulting from reaction of the activated 
silica or glass surface with a reactive organosilane, 
immobilizing the organosilane through a siloxane 
linkage to a silanol group on the surface. The 

30 hydrophilic moeity is attached to the reactive 

organosilane through an alkyl or aryl spacer group. 
Functional groups including glycidoxypropyl, amino- 
propyl, polyethyleneoxide and polyethylene iraine and 
derivatives thereof, have been used. 
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Certaan problems were encountered in using these 
prior art systems , particularly for chromatographic 
separation of biological macromolecules* Nonspecific 
hydrophobic interaction between the straight chain 
5 alkyl backbone and the hydrophobic portion of the 

biological molecules has been observed, particularly 
when chromatography occurs under aqueous conditions* 
In addition, ionic interaction and hydrogen bonding 
has been observed between the silanol matrix and the 
10 polar functional groups of the derivatizing silane. 

This causes the functional groups to double back and 
bind to the matrix thereby making them unavailable 
for the intended chromatographic interaction* 



graphic supports prepared by reaction of 3-glycidoxy- 



20 nucleophile to the epoxide functionality of the 
bonded phase, as shown in Equation A below: 
SUPPORT- (CH 2 ) 3-0-CH 2 -CH-CH 2 + RNH 2 — > 



15 



In an effort to prepare materials lacking the 
aforementioned properties, bonded phase chromato- 



propyltrimethoxysilane with activated particulate 
silica or controlled pore glass were further 
derivatized by the addition of an amine or other 




O 



25 



A 



SUPPORT- (CH 2 ) 3 -0-CH 2 -CH-CH 2 -NH-R 



OH 



30 



Other approaches have included the preparation 
of phases resulting from the adsorption of poly- 
ethylene imine and polyethyeneoxide to particulate 
silica followed by derivatization of the polymeric 
chain* 
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Derivatives prepared from glycidpxypropyl bonded 
phases exhibit considerable hydrophobic secondary 
interactions. Polyether bonded phases exhibit similar 
problems. These materials require mobile phase 
5 additives to mask residual silanol activity and 
hydrophobic interaction. 

Most recently , in an effort to prepare chroma- 
tographic support suitable for the separation of 
biological macromolecules, glycidoxypropyl and metha- 
10 cry late bonded phases have been copolymer i2ed with 
acrylamide or f unct ionalized acrylamide. 

Summary of the Invention 

The invention relates to the f unctionalization 

15 of particulate bonded phase chromatographic supports 
prepared by silanizatioh of silica gel or controlled 
pore glass and containing pendant primary alkyl amine 
groups. Punctionalization results from the activation 
of the amines by reaction with N r N'-carbonyldi imidazole 

20 (CDI) , or a related azolide, in anhydrous organic 

solvent, followed by derivatization of the support. 
Derivatization results from reaction of the activated 
support with a f unctionalizing reagent consisting of 
a primary or secondary, alkyl or aryl amine in organic 

25 solvent, or from an aqueous solution of the amine or 
its salt. A urea linkage results through which the 
f unctionalizing reagent is covalently attached to the 
support. Derivatization can result from the addition 
of an excess of a single reagent, or as a consequence 

30 of the sequential addition of two or more f unction- 
alizing reagents. Chromatographic supports prepared 
in this manner yield materials suitable for affinity, 
covalent, ion exchange and hydrophobic interaction 
chromatography of bioraolecules as well as for the 

35 preparation of immobilized reagents. 
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The invention relates to the development of 
bonded phase chromatographic supports wherein the 
residual silanol activity associated with the 
particulate silica or controlled pore glass substrate 
5 has been effectively masked by application of a 

hydrophilic barrier. This eliminates the irreversible 
adsorption of biological mac r ©molecules and low 
molecular weight amines observed with bonded phase 
supports which are not further derivatized. 
10 The objectives of the present invention include: 

The preparation of a physical barrier preventing 
interaction between surface silanols and sample 
components; 

The derivatization of the physical barrier 
15 preventing interaction between the hydrophobic silane 
backbone and sample components; and 

The functionalization of the physical barrier to 
impart properties ..resulting in selective retention of 
sample components* 
20 In addition, a number of important specific 

objectives are also achieved using the present 
invention, including : 

The use of N f N'-carbonyldi imidazole for the 
activation of a chromatographic support with other 
25 than pendant hydroxyl groups; 

The preparation of a urea derivative of a bonded 
phase chromatographic support and the unique hydro- 
philic nature of the urea linkage; 

The near quantitative derivatization of bonded 
30 supports obtained by this synthetic route; 

A multi-step approach wherein the chromatographic 
support can be prepared to exhibit two or more unique 
selectivities in a predetermined manner; 

The almost infinite variety of ligands which can 
35 be employed as f unctionalizing reagents; and 
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The effective hydrophilic barrier which results 
in masking residual silanol activity and the hydro- 
phobic nature of the silane backbone. 

5 Brief Description of the Drawings 

The invention may be more fully understood by 
having reference to the following drawings, wherein: 

FIGURE 1 shows the loading of cysteamine obtained 
as determined by elemental analysis for sulfur r when 

10 varying amounts of N,N f -car bonyldi imidazole were 

added in THF to aminopropyl silica gel and allowed to 
react for 3 hours at room temperature, followed by 
the addition of 2 milli-equivalents of cysteamine in 
DMSO per gram of activated aminopropyl silica gel. 

15 The reaction with cysteamine was allowed to proceed 
for 24 hours at room temperature. 

FIGURE 2 shows the loading of cysteamine and 
aminothiophenol obtained after 24 hours reaction at 
room temperature, as determined by elemental analysis 

20 for sulfur, when varying amounts of cysteamine or 

aminothiophenol were added in various solvents to ah 
activated aminopropyl silica gel. The activated 
aminopropyl silica gel was prepared by reaction of 2 
milliequivalents of N,N f -carbonyldiimidazole in THF 

25 per gram of aminopropyl silica gel. The activation 

was allowed to proceed for 3 hours at room temperature 
FIGURE 3 shows the loading of cysteamine obtained 
at various times, as determined by elemental analysis 
for sulfur, when 2 milliequivalents of cysteamine per 

30 gram of activated aminopropyl silica gel were allowed 
to react for up to 24 hours at room temperature. The 
activated aminopropyl silica gel was prepared by 
reaction of 2 milliequivalents of N,N f -carbonyl- 
diimidazole in THF per gram of amin propyl silica 

35 gel. The activation was allowed to proceed for 3 
hours at room temperature. 
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Detailed Invention 

The invention relates to the f unctionalization 
of bonded phase chromatographic supports prepared by 
reaction of 3-aminopropyltriethoxysilane, 3-amino- 
5 propyltrimethoxysilane, p- (aminomethylaminoethyl) 

phenethyltrimethoxysilane, aminoethylaminopropyltrie- 
thoxysilane, 4-aminobutyldimethylmethoxysilane or 
4-aminobutyltriethoxysilane with activated particulate 
silica or controlled pore glass resulting in a bonded 

10 phase chromatographic support bearing pendant primary 
amine groups , Formula I. 

I Si(CH 2 )>iNH2 
The compound of Formula I is then activated by 
reaction with N,N f -carbonyldi imidazole (CDI) , Formula 

15 II, or a related azolide r such as carbonyldi triazole f 
carbonyldibenzimidazole and carbonyldibenztriazole in 
anhydrous organic solvent including chloroform, 
methylene chloride, dimethylformamide and dimethyl- 
sulfoxide at room temperature to yield a compound of 

20 Formula III. 




25 The compound of Formula III is derivatized by 

reaction with a f unctionalizing reagent consisting 
of a primary or secondary, alkyl or aryl amine in 
organic solvent including chloroform, dimethyl- 
formamide and dime thy lsulf oxide, or from a buffered 

30 aqueous solution of the amine or its salt, at room 
temperature or at elevated temperature to yield a 
compound of Formula IV 
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H H 

IV Si(CH2l^l^-C-^I«-R• 

B-i ,r 

5 

where R* and R f • » H, alkyl, aryl, or an alkyl aryl. 

The urea linkage through which the function- 
alizing reagent is now covalently attached to the 
bonded phase support is uncharged under normal 
10 chromatographic conditions and provides a hydro- 

philic barrier masking the properties of the silane 
backbone and the residual silanol activity beneath 
it. 

If the functionalizing reagent contains an ionic 
15 group, for example taurine (NH2-CH2-CH2-SO3H) , glycine 
(NH2-CH2-COOH) , NrN'-diethylaminoethylenediamine 
(NH2-CH2-CH2-N(CH2CH3) 2) or aminoquanidine 
(NH2-NH-C(NH2) NH) r an ion-exchange chromatographic 
support will result. 
20 If the functionalizing reagent is tris (hydroxy- 

raethyl) aminomethane , a hydrophilic chromatographic 
support suitable for size exclusion chromatography of 
biological macromolecules will result. Formula V. 

! if" 

V Si(CH 2 )- K N-C-»-C - CH 2 0H 

\ H CH 2 OH 

30 Derivatization of the activated support, Formula 

III, can result from the addition of an excess of a 
single functionalizing reagent, or as a consequence 
of the sequential addition of two or m re function- 
alizing reagents. 
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If the functionalizing reagent is a reactive 
ligand of general formula BNH2# such as aminophenyl- 
boronic acid, aminophenylmercuric acetate or amino- 
phenylarsenoxide, and is added in limited quantity to 
5 the activated support of Formula III followed by an 
excess of ammonia saturated organic solvent, a 
chromatographic support suitable for covalent 
chromatography of Formula VI results* Ideally 20-3 0% 
of the activated functional groups are derivatized 
10 with the reactive ligand. If a greater percentage of 
derivatization is employed, steric hinderance comes 
into play reducing the effective capacity of the 
chromatographic support. 

15 \ H 

Si(CH 2 )7 t N-C-NH 2 

4 

VI 0 H 

\ 1 

20 Si ( CH 2 ) N-C-NHR 

' II 

0 H o 

\ \ 

Si(CH 2 )-H N-C-NH 2 
25 4 



If the -functionalizing reagent is an alkyl 
amine of general formula RNH2 1 such as n-butylamine f 

30 n-octylamine or phenethylamine, and is added in 

limited quanity of the activated support of Formula 
III followed by an excess of tris (hydroxymethyl) - 
aminome thane in aqueous solution, a support suitable 
for hydrophobic interaction chromatography of bio- 

35 logical macromolecules of Formula VII results. 



WO 87/06586 



PCT/US87/00901 



-9- 



If the functional izing reagent is a diamine, 
aminoalkylcar boxy lie acid or short peptide of general 
formula RNH2 , such as 1, 6-di amine* exane, 4- ami no- 
butyric acid, 6-aminohexanoic acid or diglycine, and 
5 is added in limited quantity to the activated support 
of Formula III followed by an excess of tris (hydroxy- 
methyl) aminomethane in aqueous solution, a support 
suitable for affinity chromatography of biological 
macromolecules of Formula VII results in which R 
10 contains an amine or carboxylic acid group through 
which a ligand or protein can be immobilized. 

H H CH9OH 

v ) 11 

IS VII Si (^2)-^ N-C-N-C-CH2OH 

^ N l H CHoOH 

% I 

Si(CH 2 )-*v N-C-NHR 

/ II 

) H o H CH2OH 

\ \ W 

Si(CH 2 )->v N-C-N-C-CH 2 0H 

* 111 

25 0 H CH2OH 

Imidodiacetic acid can be used as a function- 
al! zing agent thereby creating activated support 
having the form as follows, for use as a metal 
30 chelator. 

H 0 

J // /CH 2 C00H 
matrix-Si (CH 2 ) n -N-C-H^ 

CH2COOH 



20 
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A variety of azolides other than N/N'-carbonyl- 
di imidazole may be employed in preparation of the 
activated support, Formula III. Such alternatives 
include l^N'-carbonyldipyrazole, N,N f -carbonyldi- 
S 1,2,3-triazole, l^N'-carbonyldi-l^^-triazole , N,N'- 
carbonyldi indole, N,N,-carbonylidibenzimidazole and 
N^-carbonyldibenztriazole and others. 

Alternatively, N,N f -thiocarbonyldi imidazole or 
thione analogs of the compounds listed above may also 

10 be employed to prepare thio-urea analogs of the 

various types described by this invention. Materials 
of this type are believed to exhibit physical properties 
very similar to the urea derivatives and would also 
represent advantages over prior art. 

15 In place of the alkyl chain support described 

above having the form (CH2) n the present invention 
can also be applied to polymeric chromatographic 
support, wherein an aryl replaces the alkyl chain, as 
shown below. 

20 Z 



matrix-aryl-N-C-N-R 
H H 



Specifically, a compound having the following form 
may be employed. 

Z 



matr ix-phe ny I-CH2-N-C-N-R 

H H 




30 
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Ex ample I 

N-Carboxymethyl-N 1 -propyls ilylurea Silica 
Preparative Ion Exchange Chromatography 

5 Aminopropyl silica gel (1.5% H) , 40 uM 

irregular with 60 Angstron average porosity, is dried 
at 80°C for three hours then allowed to cool to room 
temperature in a desiccator. For each gram of 
aminopropyl silica gel, 0.8 grams of N,N'-carbonyl- 

10 diimidazole and 0.13 milliliters of triethylamine are 
dissolved in 10 milliliters of methylene chloride. 
The aminopropyl silica gel is added to the reaction 
mixture and stirred for three hours at roan temper- 
ature. The activated silica gel is filtered from 

15 solution and washed with methylene chloride , dioxane, 
1:1 dioxane: water and twice with water. The activated 
silica gel is then immediately added to a solution of 
4% (w/v) glycine in 0.1 N sodium carbonate buffer. 
For each gram of activated silica gel, 10 milliliters 

20 of solution is employed. The reaction mixture is 

stirred for 24 hours at room temperature. The product 
is filtered from solution and washed with water, 
0.1 N hydrochloric acid, 1 N sodium chloride and 
twice with water. The product is then allowed to dry 

25 to room temperature. 

Example II 

N-TristhydroxymethyD-N 1 -propyls ilylurea Silica Size 
Exclusion Chromatography of Biological Macromolecules 

30 

Aminopropyl silica gel (0.5% N) , 5 uM spherical 
with 300 Angstron average porosity, is dried at 80°C 
for three hours then allowed to cool to room temper atur 
in a desiccator. For each gram of aminopropyl silica 
35 gel, 0.3 grams of N,N' -carbonyldi imidazole and 0.05 
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milliliters of triethylamine are dissolved in 8 milli- 
liters of tetrahydrofuran (THF) . The aminopropyl 
silica gel is added to the reaction mixture and 
stirred for three hours at room temperature* The 
. 5 activated silica gel is filtered from solution and 

washed with THF and twice with water. The activated 
silica gel is then immediately added to a solution of 
0.5 N tris (hydroxymethyl) aminomethane, pH 9.3. For 
each gram of activated silica gel, 8 milliliters of 

10 solution is employed. The reaction mixture is stirred 
for 24 hours at room temperature. The product is 
filtered from solution and washed with water, 0.1 N 
hydrochloric acid, 1 N sodium chloride and twice with 
water. The product is then allowed to dry to room 

15 tempe r ature • 

Example III 
N-Phenylmercury-N'-propylsilyurea Silica 
Preparative Covalent Chromatography 

20 

Aminopropyl silica gel (1.5% N) , 40 uM irregular 
60 Angstron average porosity, was dried at 80 C for 
three hours then allowed to cool to room temperature 
in a desiccator. For each gram of aminopropyl silica 

25 gel, 0.8 grams of NyN'-carbonyldiimidazole and 0.13 
milliliters of triethylamine are dissolved in 10 
milliliters of methylene chloride. The aminopropyl 
silica gel is added to the reaction mixture and 
stirred for three hours at room temperature. The 

30 activated silica gel is filtered from solution and 

washed with methylene chloride and twice with dimethyl- 
sulfoxide (DMSO) . The activated silica gel is then 
immed lately added to a solution of 1% p-aminophenyl- 
mercuric acetate in 90% DMSO. For each gram of 

35 activated silica gel, 7 milliliters of solution is 
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employed. The reaction mixture is stirred for 24 
h urs at 40 C filtered from solution and then returned 
to a solution of ammonia saturated DHSO and the 
reaction mixture stirred for 3 hours at room temper- 
5 ature. Finally , the product is filtered from solution 
and washed with 50% DMSO, water, 0.1 N hydrochloric 
acid, 1 N sodium chloride and twice with water. The 
product is then allowed to dry to room temperature* 

10 Example IV 

N-Butyl-N'-propylsilylurea Silica Hydrophobic 
Interaction Chromatography of Biological Macromolecules 

Aminopropyl silica gel (0.5%N), 5 uM spherical 

15 with 300 Angstron average porosity, was dried at 80 C 
for three hours then allowed to cool to room temper- 
ature in a desiccator. For each gram of aminopropyl 
silica gel, 0.3 grams of N^-carbonyldiimidazole 
and 0.5 milliters of triethylamine are dissolved in 

20 8 milliliters of tetrahydrof uran (THF). The amino- 
proply silica gel is added to the reaction mixture 
and stirred for 3 hours at room temperature. The 
activated silica gel is filtered from solution and 
washed with THF and twice with water. The activated 

25 silica gel is then immediately added to a solution 6% 
n-butylamine in 0.1 N sodium carbonate. For each 
gram of activated silica gel, 9 milliliters of solu- 
tion is employed. The reaction mixture is stirred 
for 24 hours at room temperature. The modified 

30 silica gel is then filtered from solution, washed 

twice with water, and returned to a solution of 0.5 
N tris (hydroxymethyl) aminaaethane, pH 9.3, and the 
reaction mixture stirred for 3 hours at room temper- 
ature. Finally, th product is filtered from soluti n 

35 and washed with water, 0.1 N hydrochloric acid, IN 
sodium chloride and twice with wat r. The product 
is then allowed to dry to ro m temperature. 
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Claims 

1. A compound of general Formula I 

Z 

J 

matrix-Si-[ ]-N-d-Y I 
H 

wherein matrix is particulate bonded silica or 
controlled pore glass beads, Y is an azole or 
10 derivative , Z is oxygen or sulfur, and [ ] is a 

support selected from a straight chain alkyl having a 
chain length of 2 to 8 carbons, an aryl, alkyl , or 
alkyl aryl. 

15 2. -The compound of Claim 1 wherein said azole is 
selected from imidazoyl, triazoyl, be nz imidazoyl, 
benztriazoyl, indolyl and pyrazolyl. 

3. The compound of Claim 2 wherein .said azole is 
20 selected from imidazoyl and triazoyl . 

4. A compound having the general Formula II 

Z 

s 

25 matrix-Si[ J-N-C-N-R II 

H H 

where R is selected from hydrogen, ethylsulfonic 
acid, carboxymethyl, diethylaminoethyl, and 
guanidino; 
30 Z is oxygen or sulfur; 

[ ] is a support selected from a straight 
chain alkyl having 2 to 8 carbons, an alkyl, aryl, or 
alkyl aryl; and 

matrix is particulate bonded silica or controlled 
35 pore glass beads. 
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5. The compound having the general Forumla III, 

Z 

I- 

i-Si-[ ] -N-C-N-R 1 
5 H 

matrix Z III 

-Si-[ J-N-C-N-R' • 
H H 

10 wherein R* is selected from hydrogen, urea and tris 
(hydroxymethyl) ; 

R' • is selected from the group consisting of 
hydrogen , ethylsulfonic acid, carboxymethyl, die- 
thylaminoethyl, guanidino, phenylboroiiic acid, 
15 phenylmercuric acetate, phenylarsineoxide, tris 

(hydroxymethyl), n-butyl, n-octyl, hexanoic acid and 
ethylmercapto; 

matrix is particulate bonded silica or controlled 
pore glass beads; 
20 z is oxygen or sulfur; and 

[ 1 is a support selected from a straight 
chain alkyl having 2 to 8 carbons, an aryl, or alkyl 
aryl. 

25 6. The compound of Claim 5 wherein the ratio of Rt 
to R f 1 is predetermined ♦ 

7. The compound of Claim 5 wherein R 1 f comprises 
phenylboronic acid. 



8. The compound of Claim 5 wherein R f • comprises 
phenylmercuric acetate. 



35 



9. The compound of Claim 5 wherein R # and R 1 • both 
comprise N,N-di (carboxymethyl) . 
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10. The compound of any of Claims 1-9, wherein said 
compound is packed in a column • 

11. The compound of any of Claims 1-9 wherein the 
5 functional groups on said supports are 20% to 30% 

derivatized, and the remainder of the functional 
groups on said supports are inactivated with hydrogen, 
ethanol or tris (hydroxmethyl) . 

10 12* The compound of any of Claims 1, 4, 5, 14, 16 
and 17 wherein said alkyl chain has 3 or 4 carbons. 

13. A process for the preparation of a compound of 
general Formula I 

15 Z 

ii 

Si[ 1-N-C-Y I 
H 

where [ ] is a support selected from a straight 
20 chain alkyl having 2 to 8 carbons, an alkyl, aryl, or 
alkyl aryl, and 

Z is oxygen or sulfur; and 
Y is an azole or derivative; 

comprising reacting a compound of general Formula 

25 IV 

Si-[ 1-NH 2 IV 
with an azolide in anhydrous organic solvent at room 
temperature or at elevated temperature for at least 
several minutes. 

30 

14. The process of Claim 13 wherein said azolide is 
selected from N,N*-carbonyldi imidazole, N,N f -carbonyl- 
dipyrazole, N^'-carbonyldi-l^^-triazole, N,N f - 
carbonyldi-l,2,4-triazole, NrtT-carb nyldiindole, 

35 N,N , -carbonylidibenzimidazole and N,N f -carbonyl- 
dibenztriazole • 
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15. The process of Claim 14 wherein said azolide is 
NrN'-carbonyldi imidazole ♦ 

16. A process for the preparation of a compound of 
general Formula II 

Z 



l-N-S-N-I 



matrix-Si-[ l-N-C-N-R II 
H H 

10 where R is selected from hydrogen , ethylsulfonic 

acid, carboxymethyl, diethylaminoethyl, and guanidino, 
Z is oxygen or sulfur , 

[ ] is a support selected from a straight 
chain alkyl having 2 to 8 carbons, an alkyl, aryl, or 
15 alkyl aryl r and 

matrix is particulate bonded silica or controlled 
pore glass beads; 

comprising adding a primary or secondary alkyl, 
aryl, or alkyl aryl amine where R is selected from 
20 hydrogen, ethylsulfonic acid, carboxymethyl, 

diethylaminoethyl, and guanidino in an organic solvent 
or an aqueous solution of said amine or its salt. 

17* A process for the preparation of a compound of 
25 general Formula III 



30 matrix 



III 



II" 

r-Si-[ l-N-C-N-R' 
H 

Z 

-Si-[ l-N-C-N-R' ' 
H H 

where matrix is particulate b nded silica or 
35 controlled pore glass beads; 
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Z is oxygen or sulfur; and 

[ J is a support selected from a straight 
chain alkyl having 2 to 8 carbons, an aryl, or alkyl 
aryl; - 

5 comprising adding a primary or secondary alkyl 

or aryl amine of the formula HNR' R' ■ , where R 1 and 
R 1 1 are selected from H, alkyl, aryl or derivative 
thereof, in an organic solvent or an aqueous solution 
of said amine or its salt. 

10 

18* The process of Claim 17 wherein R f is selected 
from hydrogen , urea and tris (hydroxymethyl); and 
R tf is selected from the group consisting of 
hydrogen, ethylsulfonic acid, carboxymethyl , diethyl- 
15 aminoethyl, guanidino, phenylboronic acid, phenylmer- 

curic acetate, phenylarsineoxide , tris (hydroxymethyl), 
n-butyl, n-octyl, hexanoic acid and ethylmercapto. 

19. The process of Claims 17 or 18 wherein said R* 
20 is added in less than stoichometric amounts and is 
followed by the addition of an excess of said R' • . 
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